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Introduction

Anticoagulation
The vitamin K antagonist, warfarin, is the only oral anticoagulant that is approved for all common indications to anticoagulation (atrial fibrillation, recent or repeated pulmonary embolism, cardiac embolism and mechanical heart valve prosthesis) and is the anticoagulant still most commonly used in combination with antiplatelet therapy after PCI.
Triple therapy after PCI
To reduce the risk of stent thrombosis and thereby myocardial infarction and death, double platelet inhibition (aspirin and ADP receptor antagonists such as clopidogrel, prasugrel or ticagrelor) is the recommended treatment after PCI. Atrial fibrillation or some other indication for anticoagulation therapy is not uncommon among patients with coronary heart disease and thereby combinations of antithrombotic treatments occurs [1] [2] [3] . Previous studies have shown a significantly increased risk of bleeding if patients take three drugs simultaneously (warfarin, aspirin and clopidogrel), so-called "triple therapy" [3] [4] [5] [6] . The current medication strategy after PCI for patients also on anticoagulation therapy is to balance between the risk of thromboembolic events and the risk of bleeding complications by limiting the time on triple therapy or omitting aspirin [7] .
Individual time in therapeutic range
"Individual Time in Therapeutic Range" (iTTR) is an established measurement of the warfarin treatment quality regarding a certain patient [8, 9] . ITTR describes the percentage of time within the patients intended International Normalized Ratio (INR) target range, most commonly INR 2.0-3.0. Sweden displays by international comparison a high warfarin treatment quality partly due to the use of a national computerised dosing system, Auricula [10] [11] [12] . Auricula has a web-based dosing algorithm with dosage suggestions that result in higher iTTR than manual dosing [13, 14] .
Two studies have published results of how iTTR affect the risk of bleeding after PCI treatment. One of these showed that iTTR had no bearing on the risk of bleeding and the other study showed a numeric but not statistically significant effect [15, 16] .
For patients with atrial fibrillation, venous thromboembolism or mechanical heart valve prostheses on warfarin, iTTR has been shown to be important regarding the risk of bleeding [17] [18] [19] [20] [21] . Our aim is to study if iTTR is also associated with the rate of bleeding complications in triple therapy after PCI.
Methods
A retrospective register study in which bleeding complications are studied in patients undergoing PCI and who have concomitant treatment with warfarin.
Ethics
The study complies with the Declaration of Helsinki. The outcome of the patients was studied through anonymous data in national registries. Participation did not involve any potential risks or complications for the patients included in the project.
The Regional Ethical Review Board in Umeå approved the study. Reference number: 2013 / 244-31
Included registries
Auricula is a Swedish national quality register for atrial fibrillation and oral anticoagulation [22] . It was instituted in 2006 and now includes over 126 000 patients and more than seven million INR samples. It is updated daily and more than two hundred centers in Sweden work with the system. Examples of data are: indications, treatment time, INR values and given doses and discontinuations. SCAAR (Swedish Coronary Angiography and Angioplasty Registry) is part of the "Swedish Web System for Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated According To Recommended Therapies" (SWEDEHEART) [23] . Each year approximately 20 000 PCI are performed in Sweden. All PCI since 1999 are registered in SCAAR. A very large amount of patient-related data can be retrieved from the registry. Monitoring and control of register data are performed annually in all hospitals and compliance with the patients' hospital records for the study period was 95.5% [24] .
The Swedish National Patient Registry (NPR) has since 1987 registered diagnoses according to the International Classification of Disease, 10th edition (ICD-10) for patients who were in hospital clinics or discharged from hospital care [25] . The registry is considered suitable for epidemiological research by The National Board of Health and Welfare and has a high penetration with lack of main diagnosis in 0.5-0.9% of cases [25, 26] .
The Prescribed Drug Registry contains information on all prescribed medications, date of prescription and purchases, dosage and quantity from 1999 onwards in Sweden. Missing data for the registry is 0,02-0.6% [27] .
Population
The primary patient inclusion was made from the SCAAR registry and consisted of all PCI patients from 2010-01-01 to 2011-12-31 (n = 39 994). The inclusion and exclusion criterias are schematically presented in a flowchart (Fig 1) . Patients without therapeutic PCI (i.e. only diagnostic PCI e.g. fractional flow reserve (FFR) or intravascular ultrasound (IVUS)) were excluded. If a patient had undergone more than one PCI, only the first intervention that also included a period with warfarin therapy in the Auricula registry was selected (n = 926). For inclusion, individuals also needed to have at least two INR values from the time of the intervention (PCI) up to six months (183 days) afterwards or until a bleeding complication occurred (n = 796). A six-months follow-up period after PCI was chosen because this was the most common period with combination therapy in Sweden at the time. A longer follow-up period would have increased the risk of including patients not on triple therapy to the study. To further reduce the risk of getting patients without triple therapy into the triple treated cohort we checked which individuals actually purchased warfarin, aspirin and clopidogrel from the pharmacy anytime between 100 days before up to 31 days after PCI in the Prescribed Drug Registry. The final cohort consisted of 601 patients with triple therapy (warfarin, aspirin and clopidogrel). In addition to the main cohort of triple therapy there were 100 patients with warfarin and clopidogrel, 55 with warfarin and aspirin and 40 patients with warfarin alone (Table 1 ). In the main cohort of triple therapy, only those with values on all variables in Table 2 were selected (432 cases), for the univariate and multivariate hazard ratio analysis.
Endpoints
Bleeding complications for triple treated patients from the time of the intervention until 183 days afterwards were extracted from the NPR by ICD-10 codes. Bleeding was defined according to the standardized bleeding definitions for cardiovascular clinical trials as BARC type 2, serious bleedings resulting in in-hospital care [28] . The bleedings were subdivided into cerebral, gastrointestinal and other bleeding, mainly anemia. The ISTH definition of serious bleeding could not be used due to lack of information regarding Hb reduction of 20g/L or transfusion of at least two units of blood, of which data was not possible to obtain from the NPR [29] . ICD-10 codes used for defining background characteristics and bleeding events are presented in the appendix.
Statistical analysis
Statistical analysis was performed using SPSS Statistics (Version 24 for Mac; SPSS Inc., IBM Corporation, NY, USA). Calculation of time and percentage of time with correct International Normalized Ratio (INR) and additional calculations of the results (bleeding / 100 treatment years with confidence intervals) were made with Microsoft Excel for Mac 2011 (version14.4.5.141.003). Calculation of iTTR was made according to the Rosendaal method [30] . When a bleeding complication occurred, the INR value for the date of the bleeding was not Only the first bleeding complication during the study period was included in the calculation of the total outcome "bleeding" (a merger of other bleeding, gastrointestinal and cerebral bleeding). If an individual received an additional gastrointestinal or cerebral bleeding during the study period it was also recorded but not included in the calculation of the total outcome "bleeding"( Table 3 ). The bleeding rate was defined as number of bleeding complications / 100 treatment years. P value <0.05 was considered significant. 
Results
The final cohort consisted of 796 PCI-patients with an adequate warfarin period. 75.5% of those belonged to the group with triple therapy for which the analysis of outcome was intended. Background data for the entire cohort based upon the antithrombotic therapy chosen is presented in Table 1 . The age distribution for the total cohort (796) ranged between 35 to 90 years with the distribution <65 years (22.7%) age 65 to 74.9 years (39.3%) and >75 years (37.9%). There was no difference in the antithrombotic therapy chosen according to age group (p = 0.307). The median iTTR in the cohort was 69.5% (53.4-82.6) (Fig 2) . Women represented 24.1% of the total cohort and there was no difference in the choice of antithrombotic therapy according to gender (p = 0.942).
In the group with triple treatment, women constituted 24.0% and over half of the women were over 75 years of age. The age distribution for triple treated women was: <60 years: 16.7%. 65-74.9 years: 31.9% >75 years: 51.4%. The age distribution of triple-treated males was: <65 years: 26.3%, 65-74.9 years: 40.5%, >75 years: 33.3%. In all groups, atrial fibrillation was the Reported in number and percentage distribution within each iTTR group, n (%). Bleeding rate is defined as bleedings per 100 treatment years.
https://doi.org/10.1371/journal.pone.0209187.t003 most common indication for warfarin therapy (60-80%) and some patients had more than one indication for warfarin.
There was a trend towards higher bleeding frequency in the confirmed triple treated group of 601 patients (6.5%) vs. the remaining 195 patients (4.1%), however not significant (p = 0.22).
High age, female gender and a high CHA 2 DS 2 -VASc score as well as a medical history of heart failure and GI-bleeding increased the risk of bleeding in univariate Cox regression analysis, however none of these were significant in the multivariate analysis (Table 2) . Univariate analysis for all triple-treated patients (n = 601) did not change the significance compared to the analysis of only those without missing data (n = 432) (data not shown). Low BMI slightly increased the risk of bleeding in multivariate analysis (HR 1.11, 95% CI 1.01-1.22) . A medical history of anemia and an iTTR below 70% were strong independent risk factors for bleeding, HR 3.17 (1.16-8.69) and 2.86 (1.25-6.53) respectively.
The number of bleeding events in patients with triple therapy (n = 601) and iTTR >70% was 11 (3.7%) compared to 28 (9.3%) in patients with iTTR <70% (p = 0.005). Dividing iTTR into quartiles, better warfarin treatment quality corresponded to fewer bleeding events except cerebral hemorrhage (Table 3) The rate of bleeding complications in the group with the lowest warfarin treatment quality therapy, (iTTR <50%) was 44.9 / 100 treatment years whereas the rate for the best-treated group with iTTR >85% was 8.0 / 100 treatment years. The confidence interval for the group with iTTR <50% does not overlap with the other iTTR groups.
Men had a lower incidence of bleeding compared to women in the triple treated group, 4.8% versus 11.8% (p = 0.003). Women displayed a higher proportion of bleeding among elderly with the distribution: <65 years: 3.5%, 65-74.9 years: 6.1%, >75 years: 8.8%. (p = 0.038, Chi-2, linear by linear). As for the triple treated group (n = 601) the proportion of bleeding was gradually increasing for the whole cohort (n = 796) the lower the time within therapeutic INR (p<0.001).
Discussion
Major bleeding complications are 1.5 to 2.5 times more common for triple therapy compared to a strategy with two platelet inhibitors, DAPT [32] [33] [34] .
DAPT on top of oral anticoagulation therapy increase the risk of bleeding complications two-to threefold [35] [36] [37] . Aspirin as a single platelet inhibitor in addition to warfarin therapy also increases the risk of bleeding significantly [18] . The WOEST trial showed that by omitting aspirin, the risk of bleeding decreased [7] . Later studies such as PIONEER AF-PCI and RE-DUAL have shown that a combination of low dose NOAC and P2Y12 inhibitor also results in a lower risk of bleeding compared to triple therapy [38, 39] . If the individual time in therapeutic range (iTTR) is below 70% it has previously been shown that the risk for a major bleeding is increased in patients with atrial fibrillation, venous thromboembolism or mechanical heart valve prosthesis [18] [19] [20] [21] . Our study shows that the patient's iTTR also is important for the rate of bleeding complications during triple therapy after PCI. In this study iTTR<70% almost triples the risk of a BARC type 2 bleeding complication compared to good warfarin treatment quality with iTTR>70%. An American study with similar baseline characteristics and nearly the same number of patients on triple therapy as in our study, showed that 10.9% had a bleeding complication that involved rehospitalisation during a period of six months [6] . If no consideration is taken to iTTR the corresponding figure in this study was 6.5% for triple therapy. It has also been shown that DAPT after PCI even without warfarin therapy can cause 13.8% BARC 2 bleedings during a period of six months [40] . In this study 13.3% had a BARC 2 bleeding in the worst group with iTTR<50% whereas only 3.3% had a bleeding complication in the group with iTTR>85% during a period of six months (p = 0.003). Apart from a clinical history of anemia, iTTR is the most important, and still a modifiable predictor of bleeding risk. The rate of bleeding increases with lower proportion of time within therapeutic INR. This is also evident when taking the time until bleeding in consideration, calculating bleeding rates. The two groups with the best quality of their warfarin treatment (iTTR 70-84.9 and >85%) had a low bleeding rate, 9.6 and 8.0 respectively, while the worst group with iTTR <50% had a much higher bleeding rate of 44.9 per 100 treatment years (p = 0.003). Triple-treated women had a higher proportion of bleeding compared to men in our study (11.8% vs. 4 .8%, p = 0.003). It is likely that the age distribution to some extent contributes to this outcome. Age was itself a risk factor for bleeding (p = 0.038, Chi-2, linear by linear) and we found that over half of the triple-treated women were 75 years or older compared to men where 33% were �75 years.
Limitations
This is an unselected cohort in a "real life" observational study. As in all research based upon registry data this study has a risk of confounding. Comparisons between observation studies and randomized studies may be interpreted with caution.
As an effort to get a representative iTTR for the patients, we did not include the INR value the day of the complication since this could be falsely low after a possible warfarin reversal. We might thereby have missed a high INR value the day of the bleeding, which however only would have increased the bleeding incidence in the lower iTTR groups. Although the quality of data in Swedish registries maintains a high standard by international comparison, there is always a risk that data has been entered incorrectly or is missing. As an effort to reduce the risk of getting non-triple treated patients in the cohort we used a time interval for the drug-dispensing event in connection to the intervention (PCI procedure). We can not be certain that the patients actually took their medication. On the other hand, since the risk of stent thrombosis is very high without adequate platelet inhibition during the immediate period after stent implantation it seems more likely that they took their prescribed medication. Because of lack of data, this study did not look into whether there was a relationship between the outcome of this study and established risk scores predicting bleeding such as HAS-BLED, Mehran and the Crusade [41] [42] [43] . It is likely that some of the cases with anaemia are undiagnosed GI bleedings, accounting for the high bleeding risk in this group. The relative importance of iTTR<70% compared to background characteristics regarding risk of bleeding complication was performed although iTTR is a variable measured during the study period and not known at the date of the PCI.
Conclusion
Triple therapy after PCI increases the rate of bleeding and this is particularly evident when the quality of warfarin therapy is low measured by iTTR. Low iTTR <70% and a history of previous anemia are strong independent risk factors almost tripling the risk for BARC type 2 bleeding. On the other hand, patients on triple therapy with high iTTR show a lower bleeding rate than previously reported in patients with oral anticoagulation and only one thrombocyte inhibitor. Since warfarin treatment quality is a modifiable risk factor, attention should be paid to iTTR in patients on triple therapy after PCI. 
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